The perception and processing of temporal information are tasks the brain must continuously perform. These include measuring the duration of stimuli, storing duration information in memory, recalling such memories, and comparing two durations. How the brain accomplishes these tasks, however, is still open for debate. The temporal bisection task, which requires subjects to compare temporal stimuli to durations held in memory, is perfectly suited to address these questions. Here we perform a meta-analysis of human performance on the temporal bisection task collected from 148 experiments spread across 18 independent studies. With this expanded data set we are able to show that human performance on this task contains a number of significant peculiarities, which in total no single model yet proposed has been able to explain. Here we present a simple 2-step decision model that is capable of explaining all the idiosyncrasies seen in the data.
Introduction
Time is the most fundamental component of the world we live in, yet its perception is also the least understood. Even simple everyday tasks such as playing a game of catch, which requires one to generate complex motor outputs (throwing) and predict the future location of a moving object (catching) are intertwined with time. The generation and comprehension of speech requires estimates of time that span from hundreds of milliseconds, for the comprehension of syllables, to tens of minutes, for the comprehension of a conversation. Time pervades all aspects of our lives, and is therefore something our brains must continuously deal with. Yet amazingly, a problem so fundamental, remains largely a mystery.
Over the past half century our understanding of the neurobiological nature of various cognitive functions has expanded enormously. Systems such as vision, audition, and somatosensory perception have been unraveled by tracing the neural circuitry and activity from their primary sensory organs to their specialized regions of neocortex. The study of time however has lagged behind. Without an obvious temporal sensory organ to start from, such neural tracing experiments could not be conducted. In their absence we are left with a wealth of psychological studies conducted over the past two decades that through their ingenious design have attempted to unlock the mystery of time in the brain.
The temporal bisection task, originally used by Church and Deluty in 1977 to study temporal discrimination in rats (Church & Deluty, 1977) , was first applied to humans in two separate pioneering works by Wearden (1991) and Allan and Gibbon (1991) in 1991 (though a simpler version was used on humans as early as 1968 (Bovet, 1968) ). In the task, subjects are required to compare temporal stimuli to two reference stimuli, ''long" and ''short", held in memory. The stimuli themselves are generally either a tone or a light presented for some length of time. Generally, subjects are first pre-trained on the reference stimuli, after which intermediate probe stimuli are introduced (Fig. 1A) . In other versions the reference stimuli are never explicitly identified (Droit-Volet & Rattat, 2007; Wearden & Ferrara, 1995) , but still are the shortest and longest stimuli presented. Upon being presented with an intermediate probe stimulus, the subject must indicate which reference stimulus they believe it is more similar to. If the reference stimuli were never specifically identified, the subject must simply classify the duration as ''short" or ''long". This is a subjective decision so no feedback is given as there is no correct or incorrect answer.
This task is ideal for studying the perception and processing of temporal information because it requires subjects to perform a number of time-dependent mental operations. First the ''short" and ''long" reference durations (denoted here as TS and TL, respectively) must be learned and stored in memory. Second, the length of the probe duration must be measured. Third, the values of the ''short" and ''long" reference durations must be retrieved from memory. Finally, the probe duration must be compared to the reference durations and a decision reached.
From the data collected during the task, experimenters are able to construct a psychometric curve plotting the duration of the
